The visual system treats the space near the hands with unique, action-related priorities. For example, attention orients slowly to stimuli on the hands (Taylor and Witt, 2014) . In this article, we asked whether jointly attended hands are attended in the same way. Specifically, we examined whether ownership over the hand mattered: do we attend to our hands and the hands of others in the same way? Pairs of participants performed a spatial cueing task with stimuli that could be projected onto one partner's hands or on a control surface. Results show delayed orienting of attention to targets appearing on the hands, but only for the owner of the hands. For an observer, others' hands are like any other surface. This result emphasizes the importance of ownership for hand-based effects on vision, and in doing so, is inconsistent with some expectations of the joint action literature.
Introduction
Imagine shaking someone's hand. This greeting involves two hands tightly coordinated in a mirrored gesture. To a third party, the two hands appear to act identically: they swoop in open-palmed, grasp their partner, oscillate together, and let go. But for the two people involved in the handshake, the two hands are distinct: their own hand is an effector to be moved and controlled, while the other hand is an object to be acted upon. In social interactions, we often act on or with the hands of others, whether in cooperation (Richardson et al., 2007) or competition (Mori et al., 2002) . Consequently, our attention system must regularly gather information about the hands. And although recent research has illuminated how attention treats one's own hands (Brockmole et al., 2013; Taylor et al., 2015) , it remains unknown how attention is allocated to the hands of others. In this paper, we asked whether attention treats one's own hands and the hands of others differently.
The allocation of attention to stimuli in the space near the hands benefits from a suite of actionrelated priorities (Brockmole et al., 2013) . For example, targets are detected faster in the space near the palms of the hands compared to targets far from the hands, suggesting that attention prioritizes near-hand space (Reed et al., 2006) . This effect weakens with distance from the hand, and depends on its orientation, such that the effect disappears when targets appear near the back of the hand (Reed et al., 2010) . The hands can also influence how we ignore parts of space. Identifying centrally presented targets is normally slowed by the presence of peripheral distractors, when those distractors require a response incompatible with the target (Eriksen and Eriksen, 1974) . However, cupping the hands around the target, such that the target appears isolated and the distractors are near the backs of the hands, erases this effect, as though the hands shielded attention from the influence of the distractors . Murchison and Proctor (2015) provided an alternative explanation for this effect, demonstrating that the hands alter attentional processing by providing a flexible frame of reference for directing the focus of attention. Using the same flanker task and postures as Davoli and Brockmole (2012) , they altered the task such that the flankers were the targets, and the object cupped within the hands was the distractor. They found a similar reduction in the interfering effect of the distractor when the hands were near the display, suggesting that the hands were not acting as an attentional shield so much as assisting the allocation of attention near them. The attentional prioritization of near-hand space complemented by more thorough processing for stimuli in graspable space. For example, visual search rates are slowed for objects presented near the hands, indicating that attention spends more time on each item in a display (Abrams et al., 2008) . Change detection for color is also enhanced in near-hand space (Tseng and Bridgeman, 2011) , suggesting that stimuli there benefit from a more detailed representation in visual short-term memory. However, in a similar task, where participants detected changes to color or orientation, the visual system became more sensitive to the action-relevant feature, orientation, than to color (Kelly and Brockmole, 2014) . These results support the idea that attention is modulated for stimuli appearing near the hands because of their importance for action.
Another body of evidence supports the idea that hand proximity biases the action-oriented magnocellular processing stream (for a review, see Taylor et al., 2015) . This modulated visual pathways (MVP) account of altered vision near the hands describes how stimuli near the hands are processed according to the traits of the magnocellular pathway, such as its transient response and selective tuning for low spatial frequencies (Derrington and Lennie, 1984) . In support of the MVP account, stimuli near the hands enjoy better temporal resolution, as evidenced by higher sensitivity on a temporal gap task (Gozli et al., 2012) , and weaker masking during object substitution masking (Goodhew et al., 2013) . Conversely, the visual system has lower spatial resolution for stimuli near the hands, as evidenced by worse performance on spatial gap detection (Gozli et al., 2012 ) and a preference for low spatial frequency images (Chan et al., 2013; Abrams and Weidler, 2014 ). These studies demonstrate how hand position can alter basic, low-level visual processing.
The visual modulation of near-hand space serves to gather and process information for manual actions. This is well established by studies demonstrating a tight coupling between saccades and manual action (Abrams et al., 1990) . Eye position during manual action demonstrates a clear tendency for gaze to remain in nearhand space, looking ahead to where the hand will be, and almost never looking back to the hands (Johansson et al., 2001; Land and Hayhoe, 2001) . When a tool is used, gaze is displaced ahead of the tool (Land and McLeod, 2000) . These patterns of eye movements during manual action suggest that attention is biased to pick up information for what is about to happen; vision for action is all about anticipation.
Consistent with this expectation, we recently demonstrated a cost to orienting attention toward and on the hands (Taylor and Witt, 2014) . In these studies, participants performed a spatial cueing task (Posner and Cohen, 1984) where the cue and target locations could appear near or on the hands, such that invalidly cued targets would require orienting attention in the space near the hands, on the hands, or between the hands and the environment. In multiple experiments, we showed that the cost of an invalid cue (i.e., the extra time required to shift attention from the cue to the target) was always greater when orienting attention on the hands (Taylor and Witt, 2014) . Given that gaze is typically directed to near-hand space during visually guided manual actions (Land and Hayhoe, 2001) , this cost to shifting attention toward or on the hands means that attention will be predisposed to remain entrained to near-hand space, where the targets of actions are most likely to be. By keeping attention in near-hand space, the visual system uses the hands to assist the allocation of attention in the service of future actions.
This same logic applies to hand-eye coordination in social scenarios. One way to establish coordination during joint action is to synchronize attention. Using a similar methodology to the eye-tracking studies reviewed above (Johansson et al., 2001; Land and Hayhoe, 2001) , observers of manual actions were shown to employ the same gaze patterns as when they performed the action themselves (Flanagan and Johansson, 2003) . That is, when watching another person perform manual actions, the observer's gaze preceded the actor's hand, as though they, too, were attending to near-hand space in an anticipatory fashion. If joint actors attend to each other's hands as they would their own, then the many documented effects of altered vision near and on the hands may also apply to the hands of others.
A common thread through all these studies is that participants viewed only their own hands. Consequently, we cannot be sure whether these hand-related effects on attention depend on ownership of the hand. If these effects exist to serve action, then attention may be specifically tuned to one's own hands, because only those hands can be controlled. Conversely, attention may be tuned to the sight of hands in general. Such a bias would assist the gathering of information for the actions of others, which could be highly functional in cooperative situations. The question of how we attend to the hands of others is important because a wide range of actions are performed in cooperation with another set of hands.
Such coordination would depend to some extent on joint attention; the ability to direct attention to where a partner is attending. Known as joint attention (Sebanz et al., 2006) , in its most basic form it is demonstrated by using eye gaze as a spatial cue for attention: targets are detected faster when preceded by a picture of a face looking in that direction (Friesen and Kingstone, 1998; Frischen et al., 2007) . Another reliable cue for joint attention is hand gestures. Hands depicted in a grasping posture cue attention when the target fits the grasp aperture, but inanimate apertures (U-shaped objects) do not (Lindemann et al., 2011) . This finding is important for our purposes because it shows that the hands of others can direct attention. But this study was conducted with a single observer watching disembodied hands. The present study examined whether two people, one who owns the hands and one who does not, will direct their attention to those hands in the same way. As we will see, introducing a second person and making it a joint task can change how attention operates.
There are several examples in the literature that show the coordination of perception and action can depend on whether a task is performed jointly or alone . For example, the Simon effect (Simon, 1969) can be distributed across two people when performed together (Sebanz et al., 2003) . In this task, participants made left or right responses to the color of a stimulus that pointed left or right. The color was task-relevant, whereas the directionality was irrelevant. Consistent with the classic Simon effect, responses were slow when the response (left or right) and task-irrelevant stimulus dimension are incompatible and fast when they are compatible. In some blocks, subjects performed half of the task, responding to only one color while ignoring the other, effectively making it a go-no go task. Critically, they performed this task either alone or with another person who responded to the other color (a complementary go-no go task). The compatibility effect (faster compatible/slower incompatible responses) emerged only when performing the go-no go tasks together, suggesting that the actors represented each other's responses (Sebanz et al., 2003 ; but see Dolk et al., 2013 , for an alternative account invoking referential coding instead of shared representation).
Joint attention can also be achieved by attending to a partner's actions. Attention is slow to process stimuli at recently attended locations, an effect known as inhibition of return (IOR; Posner and Cohen, 1984; Klein, 2000) . In a joint IOR task, participants were slower to process stimuli at locations recently reached to by their partners (Welsh et al., 2005 (Welsh et al., , 2007 . In this task, participants took turns reaching to targets projected onto a table. When the target appeared at a region recently attended by their partner, they exhibited IOR. Critical to our purposes, this IOR task involved making responses with rapid reaching movements to target locations, and it emerges for different kinds of manual action (Atkinson et al., 2014) . Social IOR does not necessarily reflect a co-representation of terminal action goals, but it does show how elements of an actor's movements can influence their partner's attention to target locations (Cole et al., 2012) . In other words, observers' attention can be modified by watching their partners perform manual actions.
A similar demonstration of shared representation in joint actions occurs in demonstrations of Fitts' law. When reaching to targets, movement time (MT) scales to the difficulty of the action (Fitts, 1954) . When bimanually tapping between two targets of different difficulties, MTs remain scaled to the harder target, as though compensating to maintain a rhythm (Mottet et al., 2001) . Critically, when two people take aim at targets of different difficulties in an alternating, joint tapping task, their MTs scaled to the harder target, even though each participant's task did not depend on their partner's target (Fine and Amazeen, 2011) . This result shows that participants represented their partner's task and achieved an interpersonal rhythm that compensated for the harder of the two tasks.
Many of these kinds of joint attention effects are explained by some sort of perspective taking: partners succeed in cooperation because they represent each other's tasks. Importantly, this co-representation can occur for joint tasks with hand stimuli. Performance on a mental rotation task with hand stimuli (deciding whether two sequentially presented, rotated hands are both left or right hands) depended on whether a partner performed the task concurrently (Böckler et al., 2011) . Adopting an allocentric viewpoint (from their partner) allowed participants to complete the task faster than if they maintained their egocentric viewpoint. Thus, there is good reason to believe that hand stimuli may be attended to differently in joint settings compared to alone.
In this study, we asked whether two people in a joint setting would attend to a set of hands the same way. Critically (and perhaps obviously) the hands could not belong to both participants. Stimuli were projected onto the hands of the Owner, while the Observer watched. This variation of the classic spatial cueing task (e.g., Posner et al., 1987) allowed us to assess how attention is allocated to the hands in a social setting. Participants responded to a target that could appear at one of two locations, preceded by a cue. The cue could be presented at the eventual target location (a valid cue), or at the opposite location (an invalid cue). The difference between invalid and valid response times (RTs) reflects the cost to orient attention from one location to the other. When attending to one's own hands, orienting is very slow (Taylor and Witt, 2014) . Our experimental setup allowed us to ask whether people attend to the hands of others in the same way.
We tested two possibilities. First, attention may treat the hands of others like our own. It has been theorized that attention treats the hands differently in order to assist the guidance of action (Taylor and Witt, 2014) . Given that we perform so many joint actions, it might be beneficial to attend to the hands of others in the same way, in order to guide attention while watching the hands of others. Indeed, the joint action literature describes numerous situations where performing a task with a partner leads to perspective-taking and a shared representation of action (Sebanz et al., 2006) . Thus, Observers and Owners may attend to stimuli on a set of hands in the same way. Specifically, we would expect that attention should orient slower on the hands relative to far from the hands, regardless of whether stimuli appear on one's own or another's hands. The other possibility is that ownership matters. Your hands are involved in the execution of action, whereas the hands of others are objects to be acted upon (or with). Consequently, your hands have a different relationship to your visual system than the hands of others. In this case, Owners should display delayed orienting of attention on their hands relative to far from their hands (as in Taylor and Witt, 2014) , but Observers should not.
Materials and Methods

Participants
Sixty-six students (37 female; six left-handed) from Purdue University participated for course credit.
Materials and Stimuli
A P2 PicoProjector by AAXA Technologies was mounted 35 cm above a table, projecting downward. Stimuli were a centrally presented cross (1.1 cm × 1.1 cm) flanked by two empty squares (1.0 cm × 1.0 cm; 4.1 cm to the left and right of the cross), and a solid circle (d = 0.6 cm). These stimuli were all black.
All participants wore white latex gloves to control for differences in skin tone. In one condition, stimuli were projected onto a pair of objects (roughly 9 cm × 12 cm × 2 cm) made of light brown paper wrapped tightly in white latex. These objects were built to be approximately the same size and thickness of two hands held flat on the table, palms up. We used these objects as a control surface in the condition where stimuli were presented near the hands. Projecting stimuli directly onto the table would have made them appear larger than in the condition where they appear on the hands. In addition, this control surface is made of two distinct objects, like two hands held next to each other. Wrapping them in latex also increased the visual similarity between the hands and the control surface.
Procedure
All participants provided written, informed consent according to the rules and regulations of Purdue University's institutional review board (IRB). Participants sat across from each other at a small table. Participants were randomly assigned to begin as either Owner or Observer. The Owner held his or her hands in different postures while the Observer simply watched. There were two hand posture conditions. In the On Hands condition, Owners held their hands flat on the table, palms up, and touching so that the two hands formed a contiguous surface-the stimuli were projected down onto their hands. In the No Hands condition, Owners held their hands on their lap, beneath the table-the stimuli were projected down onto two adjacent objects that formed a control surface (see Figure 1) .
Each trial began with a central fixation flanked by two squares. After a random delay (1500-3000 ms), the border of one square thickened (+0.2 cm to each side of the square) in order to capture attention. After 200 ms, one of three events occurred: on 70% of trials, the target (a circle) appeared inside the cued square (valid cue); on 20% of trials, the target appeared inside the non-cued square (invalid cue); and on 10% of trials, no target appeared (catch trials). The participants' task was to identify the location of the target as quickly as possible, and to withhold a response on catch trials. The Owner responded using left and right foot pedals. The Observer responded using left and right mouse buttons. RT was measured from target onset to response. Both participants responded on every trial. Participants were instructed to remain fixated at the central location throughout each trial.
Hand position (On Hands or No Hands) was blocked and randomly ordered, with 60 trials per block. After performing both hand position blocks, the Owner and Observer switched positions and roles. Thus, there were 240 trials in total, for both participants. Cue Validity was balanced at prescribed levels (70% valid, 20% invalid, 10% catch trials).
Results
Four participants were removed prior to analysis for responding to at least 40% catch trials in either the Owner or Observer conditions. Another five participants were removed because they responded with exceptionally poor accuracy (>3 SDs from the mean). Among remaining participants, incorrect responses were rare (<5% of responses to non-catch trials) and were also removed from analysis. RTs faster than 100 ms and slower than 1000 ms were excluded to obscure errors of apprehension and lapses of attention (these are the same RT exclusion criteria used in Reed et al., 2006; Taylor and Witt, 2014) . These trials comprised 2.0% of correct responses to non-catch trials. 
Owner Data
To assess how participants attended to stimuli presented on their own hands, we ran a 2 (Hand Position: On Hands vs. No Hands) × 2 (Cue Validity: Valid Cue vs. Invalid Cue) repeatedmeasures ANOVA with RTs from the Owner. Validly cued targets 1 A reviewer raised the point that arbitrary RT cutoffs (e.g., 100-1000 ms) would exclude more trials in the Owner than Observer conditions, because Owner responses were longer. To address this, we conducted an additional analysis by calculating the mean RT and SD for the Owner and Observer responses, and excluding trials that were <100 ms or >3 SDs for those means. This method would ensure that an equal number of trials were excluded in the Owner and Observer conditions. The results were similar to those reported in the main text. The critical three-way interaction remained significant, as well as the interaction between hand position and cue validity for Owners, but not for Observers. The cueing effect for the Owner, On Hands condition remained longer than all other conditions. The means and SDs (in parentheses) follow. For the Owner condition: On Hands, Participants were slower to respond to invalidly cued targets on their hands relative to off their hands, but only when stimuli appeared on their own hands and not when they appeared on another person's hands. The cost to detecting an invalidly cued target is expressed as the difference between RTs for validly and invalidly cued targets (B). Error bars represent one within-subjects standard error of the mean.
were detected faster than invalidly cued targets, indicating a main effect of Cue Validity, F(1,56) = 620.50, p < 0.001, η 2 p = 0.92. In addition, the position of the hands influenced RTs, indicated by a main effect of Hand Position, F(1,56) = 7.46, p = 0.008, η 2 p = 0.12. Owners were slower to detect targets on their hands compared to off the hands. Critically, the strength of the cueing effect depended on the position of the hands; the interaction between Cue Validity and Hand Position, F(1,56) = 9.45, p = 0.003, η 2 p = 0.14 was significant. A post hoc analysis comparing the cueing effect for the On Hands and No Hands conditions reveal that participants were especially slow to respond to targets appearing on their own hands relative to when their hands were far from the display, t(56) = 3.07, p = 0.003, d = 0.58.
Observer Data
To assess whether attention orients slowly on someone else's hands, we conducted the same analyses described for the Owners with RTs from the Observers. Validly cued targets were detected faster than invalidly cued targets, indicating a main effect of Cue Validity, F(1,56) = 910.50, p < 0.001, η 
Discussion
This experiment was designed to test how a single set of hands is attended by two people. There were two possible, competing outcomes. One outcome would be that the hand-based effect on attention would transfer to an Observer when a set of hands were jointly attended. This possibility, based on studies showing how joint action and joint attention can evoke a shared representation between two people, predicts that attention should treat jointly attended hands the same, regardless of who they belong to. In this case, we predicted that both Owner and Observer would show delayed orienting of attention to stimuli on the hands (as in Taylor and Witt, 2014) . Alternatively, it may be that ownership of the hand is necessary for the hand-based effect on attention. There are approximately 14 billion hands on the planet, and they are all visually similar. One's own two hands, however, can be willed to action and are therefore unique. Consequently, in terms of the present study, only the Owners might display delayed orienting of attention for stimuli on the hands. The results of this study support the second prediction. Orienting attention to stimuli on the hands is slow compared to orienting attention to stimuli that appear far from the hands, but only when appearing on one's own hands.
The results from the present experiment replicates the original effect described by Taylor and Witt (2014) , where attention oriented more slowly to, from, or on the hands compared to near or far from the hands. Importantly, the present results also imply that the effect of slow attentional orienting on the hands depends on ownership of the hands. Simply put, it is not enough for stimuli to appear on hands. Those hands must be controllable. This caveat is reminiscent of recent work demonstrating the importance of action intentions on action-related perceptual biases. For example, stimuli beyond reach are perceived as closer when holding a tool that brings them within reach, but only when the perceiver intends to use the tool (Witt et al., 2005) . In our study, the Owner is capable of using their hands, and intends to react to stimuli presented on them (although not with them), whereas the Observer cannot act with those hands-they are just objects in the world. However, it remains unclear when these effects of action on perception occur in observers (e.g., Bloesch et al., 2012; Witt et al., 2012 Witt et al., , 2014 , and when they do not.
It bears mention that the present research used a localization task, whereas the Taylor and Witt (2014) paper used a simple detection task (participants pressed a button as soon as a target appeared, regardless of location). In both cases, however, attention must shift across locations, and the comparisons between results are permissible. Indeed, localization should be more attentionally effortful than a simple detection (Treisman and Gelade, 1980) . Thus, the present results also show how delayed orienting of attention replicates for a localization task. It should also be noted that the main effect of role (Owner vs. Observer) was likely due to the effectors involved in responding. The foot pedal responses were significantly longer than the mouse responses. This may present some concern that the critical effect of longer orienting on one's own hands is merely hidden by the shorter responses in the Observer condition. However, we have demonstrated this effect in the past using both mouse responses and foot pedals (Taylor and Witt, 2014, Experiments 1A and 1B, respectively) . It is reasonable to expect that if the effect were there, Observers would have shown it with mouse responses (in fact, the mouse responses collected in our past study were faster than here, suggesting any effect in the Observer condition should have been detectable).
Interestingly, the cost of orienting attention was the same when the Owner viewed stimuli far from their hands, and when the Observer viewed stimuli either on or far from the Owner's hands (see Figure 2B ). This result suggests that the Observer attended to stimuli on the Owner's hands as though it were any other surface. Attentionally speaking, another person's hand is simply an object to be acted on. This interpretation equates the hands of others with, more or less, other objects in the environment. Therefore, the delayed orienting of attention on the hands described by Taylor and Witt (2014) was not simply triggered by the sight of hands. Rather, some autonomous control over the hand seems necessary to elicit the effect.
Alternatively, it is possible that ownership over the hands increased the degree to which the hands were perceptually separable as distinct objects, and that this stronger perceptual separability caused orienting between objects to be even slower. The effect of delayed orienting between objects versus within a single object is a well-documented expression of object-based attention (Egly et al., 1994) . If ownership increases that perceptual separability of the hands, it may explain why we observed the delayed orienting on the hands for the Owners but not the Observers. However, we explicitly tested the possibility that delayed orienting on the hands is an expression of object-based attention in an earlier study (Experiment 3, Taylor and Witt, 2014) . We found delayed orienting of attention on the hands regardless of whether cue and target were presented at different locations on a single hand or across both hands relative to the control surfaces. This suggests the delayed orienting due to the hand is not akin to Egly et al. (1994) classic demonstration of object-based attention. It therefore seems unlikely that ownership affects delayed orienting on the hands via some expression of object-based attention.
That one's own hands are attentionally privileged whereas others are just objects implies that the visual system is tuned to ownership. And yet, the literature on joint action suggests that there should be some measure of shared representation between coordinated actors. The hands of others can guide attention (Lindemann et al., 2011) , and jointly attending to hands invokes a shared representation (Welsh et al., 2005; Böckler et al., 2011) , so we expected that jointly attending to a set of hands might evoke similar representations between individuals. Indeed, the joint action literature is full of cases where performing actions with a partner causes a distribution of cognitive processes across the participants (Sebanz et al., 2006; Knoblich et al., 2011) . Instead, we found that only the Owner displayed effects of hand-based attention. In this case, the primacy of ownership overruled the co-representation of joint attention. Thus, the current results stand out as an exception to typical demonstrations of shared representations during joint action.
Although the present study contradicts the expectation that observers should co-represent the task with their partners, it is worth noting an important difference between our method and those typically employed in the joint action literature. Those experiments typically involve distributing task demands across participants, such that performance depends on a shared action representation (Sebanz et al., 2006) . For example, in the joint Simon task, each participant only responds to one half of the stimuli, while withholding responses to the other stimuli (Sebanz et al., 2003) . In the present study, the task was not divided: both participants represented the entire action. This may have disincentivized shared representations or perspective-taking, and as such our results do not necessarily contradict the joint action literature. Notwithstanding, the expectation that observers should be able to represent another person's action-and thereby demonstrate similar effects on attention and perception-is established in the literature (Samson et al., 2010; Bloesch et al., 2012; Witt et al., 2012) .
In conclusion, the evidence supports the idea that hand-based effects on attention are restricted by ownership. Attention is different for stimuli appearing on the hands, but only for one's own hands. We originally proposed that this effect serves to assist action by biasing attention away from the hands and toward near-hand space, where the targets of action are typically located (Taylor and Witt, 2014) . The evidence presented here suggests the hands of others cannot be used for the same advantage. Reconsider the handshake example presented at the beginning of this article. In light of new evidence, attention does not treat your partner's hand as a twin. It is the target of your action, and nothing more.
